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krhis  report  cites  results  of  a technical  investigation  as  to  the  dam's  ade- 
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DEPARTMENT  OF  THE  ARMY 
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1 e JUN 1976 

Honorable  Brendan  T.  Byrne 
Governor  of  New  Jersey 
Trenton,  NJ  08621 


Dear  Governor  Byrne: 

Inclosed  Is  the  Phase  I Inspection  Report  for  East  Lake  Dam  In  Cumberland 
County,  New  Jersey  which  has  been  prepared  under  authorization  of  the 
Dam  Inspection  Act,  Public  Law  92-367.  A brief  assessment  of  the  dam's 
condition  is  given  on  pages  1 and  2 of  the  report. 

The  inspection  indicates  the  dam's  earth  embankment  to  be  in  poor  condition 
and  the  dam's  spillways  and  outlet  channel  to  be  seriously  Inadequate.  To 
insure  adequacy  of  the  facility,  the  following  actions,  as  a minimum,  are 
recommended : 

a.  Hydraulic  and  hydrological  investigations  should  be  initiated,  with- 
in three  months  after  the  date  of  approval  of  this  report,  to  determine  re- 
quired corrective  action(s)  necessary  to  substantially  improve  hydraulic 
capacities  of  the  combined  spillway  facilities  and  outlet  channel.  Con- 
struction of  improved  spillway  and  outlet  facilities  should  be  completed  in 
calendar  year  1979. 

b.  Within  four  months  fronr  the  date  of  approval  of  this  report,  engi- 
neering studies  should  be  initiated  to  determine  a positive  means  of  con- 
trolling seepage  through  the  dam,  adequate  upstream  face  slope  protection 
and  the  method  of  installing  an  outlet  pipe  at  the  low  point  of  the  reser- 
voir. Implementation  of  the  results  of  these  studies  should  be  initiated 
in  calendar  year  1979. 

c.  Within  one  year  from  the  date  of  approval  of  this  report,  the  road 
surface  drainage  problem  on  top  of  the  dam  should  be  rectified,  the  wall 
on  the  upstream  side  of  the  roadway  repaired  and  the  settled  areas  atop 
the  dam  properly  filled. 


•*  + 


NAPEN-D 

Honorable  Brendan  T.  Byrne 


Two  copies  of  the  report  are  being  furnished  to  Mr.  Dirk  C.  Hofman, 

New  Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a copy  will  also  be  sent  to  Congressman  Edwin  B.  Forsythe  of  the 
Second  District.  Under  the  provisions  of  the  Freedom  of  Information  Act, 
the  inspection  report  will  be  subject  to  release  by  this  office,  upon 
request,  thirty  days  after  the  date  of  this  letter. 


An  important  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  of  the  inspection.  We  according! 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to  im- 


Cy  Furn:  w/incl  (dupe) 

Mr.  Dirk  C.  Hofman,  P.E. 

Department  of  Envirnmental  Protection 
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Name  of  Dam  East  Lake  Dam 


State  Located  New  Jersey 

County  Located  Cumberland  County 

Stream  Mill  Creek 

Date  of  Inspection  February  3,  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


The  East  Lake  Dam  is  an  earth  fill  structure  consisting  of  poorly 
compacted  random  fill  and  organic  material.  Settlement  is  visible  in 
the  sidewalk  on  top  of  the  dam.  The  upstream  slope  of  the  dam  is  not 
properly  protected  against  erosion  and  wave  action.  Seepage  at  the 
downstream  slope  has  been  observed  in  the  past  by  the  owners  of  the 
fabric  plant  located  immediately  downstream  of  the  dam.  To  correct 
this  problem,  a foundation  subdrain  system  and  sump  pit  were 
installed.  The  surface  drainage  system  for  the  road  on  top  of  the  dam 
is  inadequate.  The  combined  spillway  facilities  are  unable  to  pass 
one-half  of  the  Probable  Maximum  Flood  (PMF)  without  overtopping 
the  dam.  The  dam  is  not  equipped  with  a means  of  draining  the 
bottom  8 feet  of  the  reservoir  below  the  principal  spillway  crest. 

Because  of  the  deficiencies  listed  above,  a further  investigation,  as 
outlined  in  the  National  Program  of  Inspection  of  Dams,  Volume  I, 
Appendix  D,  Chapter  4,  is  recommended.  The  above  deficiencies  are 
believed  to  be  serious  and  the  further  investigation  should  begin  as 
soon  as  possible. 


The  dam  has  also  been  investigated  previously  by  another  private 
consultant.  One  of  the  results  of  that  investigation  was  that  the 
State  of  New  Jersey  Department  of  Environmental  Protection 
directed  the  dam  operators  to  lower  the  normal  reservoir  elevation  by 
4 feet  by  keeping  the  principal  spillway  gates  open.  Other 
improvements  are  apparently  being  considered  for  this  dam  but  the 
details  of  the  investigation  or  the  status  of  the  proposed  improve- 
ments were  unavailable  due  to  pending  litigation. 


The  inspection  indicates  the  dam's  earth  embankment  to  be  in  poor  condition 
and  the  dam's  spillways  and  outlet  channel  to  be  seriously  inadequate.  To 
insure  adequacy  of  the  facility,  the  following  actions,  as  a minimum,  are 
recommended: 


a.  Hydraulic  and  hydrological  investigations  should  be  initiated,  within 
three  months  after  the  date  of  approval  of  this  report,  to  determine  required 
corrective  action(s)  necessary  to  substantially  improve  hydraulic  capacities 
of  the  combined  spillway  facilities  and  outlet  channel.  Construction  of  imprc 
spillway  and  outlet  facilities  should  be  completed  in  calendar  year  1979* 


b.  Within  four  months  from  the  date  of  approval  of  this  report,  engin- 
eering studies  should  be  initiated  to  determine  a positive  means  of  controllii 
seepage  through  the  dam,  adequate  upstream  face  slope  protection  and  the  methi 
of  installing  an  outlet  pipe  at  the  low  point  of  the  reservoir.  Implementatii 
of  the  results  of  these  studies  should  be  initiated  in  calendar  year  1979* 


c.  Within  one  year  from  the  date  of  approval  of  this  report,  the  road  su: 
face  drainage  problem  on  top  of  the  dam  should  be  rectified,  the  wall  on  the 
upstream  side  of  the  roadway  repaired  and  the  settled  areas  atop  the  dam 
properly  filled. 


APPROVED: 


HARRY 
Colonel, 
District 


DUTCHYSHYW 
Corps  of  Engineers 
Engineer 


DATE: 


TOP  OF  DAM  LOOKING  WEST— UPSTREAM  SIDE 


UPSTREAM  FACE  OF  EMBANKMENT  LOOKING  WEST 
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Recommended  Guidelines  for  Safety  Inspection  of  Dams,  Chapter  4 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  EAST  LAKE  DAM  ID#  00070 

SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  This  report  is  authorized  by  the  Dam 
Inspection  Act,  Public  Law  92-367,  and  has  been  prepared  in 
accordance  with  contract  #DACW61-78-C-0052  between  O'Brien  & 
Gere  Engineers,  Inc.,  Justin  & Courtney  Division,  and  the  United 
States  Army  Corps  of  Engineers,  Philadelphia  District. 

b.  Purpose  of  Inspection.  The  purpose  of  this  inspection  is 
to  evaluate  the  structural  and  hydraulic  condition  of  the  East  Lake 
Dam  and  appurtenant  structures,  and  to  determine  if  the  dam 
constitutes  a hazard  to  human  life  or  property. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances.  East  Lake  Dam 
is  an  earth  embankment  with  a maximum  height  of  about  17  leet  and 
a length  of  about  500  feet.  East  Commerce  Street,  an  asphalt  paved, 
two  lane  road,  is  located  on  the  top  of  the  embankment.  The  top  of 
the  embankment  varies  from  elevation  26.5  feet  Mean  Sea  Level 
(MSL)  at  the  east  end,  to  elevation  24.0  feet  MSL  at  the  west  end.  A 
masonry  wall  has  been  constructed  along  the  upstream  side  of  the 
road  to  elevation  27.5.  The  elevation  of  the  base  of  this  masonry  wall 
could  not  be  determined  by  visual  inspection  or  from  available  data. 
The  Murbeck  Knitted  Fabrics  plant  is  located  immediately  down- 
stream of  the  embankment.  This  plant  uses  water  from  the  reservoir 
for  fabric  processing. 

The  principal  spillway  is  located  on  the  east  side  of  the 
embankment,  and  consists  of  two  gated  48  inch  circular  openings  on 
the  upstream  face  of  a concrete  box  structure.  Rectangular  overflow 
openings  are  located  on  the  two  sides  of  the  box  structure  about  4 
feet  above  the  invert  of  the  circular  openings.  Outflow  from  the 
chamber  is  through  two  48  inch  cast  iron  pipes  through  the 
embankment.  The  downstream  invert  of  the  pipes  is  5 feet  above  a 
concrete  basin  used  to  direct  flow  into  a box  culvert. 

1 

An  11  foot  wide  emergency  spillway  is  located  along  the  west 
bank  of  the  reservoir  about  150  feet  upstream  of  the  embankment. 
Several  weirs  and  culverts  are  located  along  the  spillway  channel 
downstream. 
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An  intake  structure  and  pump  are  located  in  the  reservoir  near 
the  west  end  of  the  embankment  to  supply  water  to  a constant  head 
tank  for  use  by  the  Murbeck  plant.  Excess  water  flows  through  a 
return  line  back  into  the  reservoir. 

b.  ' Location.  The  East  Lake  Dam  is  located  in  the  city  of 
Bridgeton,  Cumberland  County,  New  Jersey.  It  is  located  along  East 
Commerce  Street,  just  downstream  of  the  confluence  of  Indian  Fields 
Branch  and  Jackson  Run.  Flow  from  the  spillway  channel  discharges 
into  Mill  Creek  about  3,000  feet  above  the  Cohansey  River.  Mill 
Creek  is  subject  to  tidal  variations.  See  the  vicinity  and  Drainage 
Basin  Maps  in  the  appendix  (Figures  1 and  2). 

c.  Size  Classification.  The  maximum  height  of  the  dam 
(to  the  top  of  the  wall)  is  about  17  feet  and  the  maximum  storage 
capacity  of  the  reservoir  is  about  230  acre-feet.  Therefore,  the  dam 
is  in  the  small  size  category  as  defined  by  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams. 

d.  Hazard  Classification.  A large  fabric  plant  is  located 
immediately  downstream  of  the  dam,  with  business  and  residential 
areas  of  Bridgeton  within  a mile  downstream  of  the  structure. 
Therefore,  the  dam  is  in  the  high  hazard  category  as  defined  by  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams. 

e.  Ownership.  The  ownership  of  the  dam  is  in  question. 
The  dam  may  have  been  originally  a privately  owned  structure.  The 
City  of  Bridgeton  assumed  the  maintenance  responsibility  for  the 
road  on  top  of  the  dam.  Hov/ever,  neither  the  City  of  Bridgeton  nor 
Murbeck  Fabrics  have  accepted  the  responsibility  for  the  dam  itself. 

f.  Purpose  of  Dam.  The  dam  is  used  to  store  water  for  use 
in  fabric  processing  at  the  Murbeck  F abric  plant  downstream  of  the 
dam. 


g.  Design  and  Construction  History.  No  information  is 
available  on  the  dam  design  or  the  construction  methods  used.  The 
dam  is  reported  to  have  been  built  in  1805. 

Recent  borings  show  that  the  dam  was  constructed  of  various 
types  of  earth  and  organic  materials.  It  is  doubtful  that  proper 
placement  and  compaction  techniques  were  used  to  construct  the 
dam. 

h.  Normal  Operational  Procedures.  See  Section  4 for 
information  on  operation  procedures. 
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1.3  PERTINENT  DATA 


a.  Drainage  Areas.  The  East  Lake  Dam  is  located  just 
below  the  confluence  of  Jackson  Run  and  Indian  Fields  Branch.  These 
streams  drain  areas  of  1.4  square  miles  and  5.9  square  miles 
respectively.  The  total  drainage  area  above  the  dam  is  7.3  square 
miles. 


b.  Discharge  at  Damsite.  No  discharge  records  are 
available  at  this  site.  According  to  the  plant  engineer  at  the  Murbeck 
Fabric  plant,  both  the  principal  and  the  emergency  spillways  were 
inadequate  to  prevent  property  damage  adjacent  to  the  dam  during 
tropical  storm  Doria  of  1972.  East  Commerce  Street  was  flooded 
near  its  junction  with  East  Avenue  during  this  flood.  The  worst 
condition  occured  at  high  tide,  when  the  box  culvert  below  the 
principal  spillway  flowed  under  pressure,  causing  backup  of  flow 
through  the  culvert  manholes  in  the  fabric  plant  buildings  downstream 
of  the  dam.  Water  in  the  plant  reached  a depth  of  about  10  inches 
above  the  floor  during  this  flood. 

The  capacity  of  the  principal  spillway  is  230  cfs  when  the 
reservoir  is  at  the  top  of  the  wall  on  top  of  the  dam.  The  capacity  of 
the  emergency  spillway  is  limited  by  weirs,  bridges,  and  culverts 
under  East  Commerce  Street.  The  maximum  flow  in  the  emergency 
spillway,  before  general  flooding  of  the  surrounding  area  occurs,  is 
estimated  to  be  20  cfs. 

c.  Elevations  above  MSL.  (from  Figure  4) 

Top  of  stone  wall  - 27.5  feet 

Top  of  dam  - varies  between  elevation  24.0  and  26.5 
Principal  spillway  crest  (invert  elevation  of  gated 
openings)  - 20.5  feet 
Design  Surcharge  - 29.9  feet  (§  PMF) 

NOTE;  The  design  flood  overtops  the  wall  by  2.4  feet 

d.  Reservoir 

Length  of  normal  pool  - 1800  feet  (elevation  20.5) 
Length  of  maximum  pool  - 2600  feet  (elevation  27.5) 

e.  Storage  (from  Figure  6) 

Normal  pool  - 75  acre-feet  (elevation  20.5) 

Maximum  pool  - 230  acre-feet  (elevation  27.5) 

f.  Reservoir  Surface  Area  (from  Figure  6) 

Normal  pool  - 17  acres  (elevation  20.5) 

Maximum  pool  - 26.5  acres  (elevation  27.5) 
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g.  Dam 

Type  - earth  fill 
Length  - 500  feet 
Top  width  - 60  feet 

Side  slopes  - 2 horizontal  : 1 vertical  (estimated  ) 

Zoning  - unknown 

Impervious  core  - unknown 

Cutoff  - unknown 

Grout  curtain  - unknown 

h.  Diversion  and  Regulating  Tunnel 
None 

i.  Spillways  (Elevation  taken  from  drawings  supplied) 

1)  Principal  spillway 

Two  48  inch  cast  iron  pipes 
Length  of  weir  - 8 feet 
Crest  elevation  - pipes,  20.5  feet  MSL  - 
weir,  24.5  feet  MSL 
Gates  - two  48  inch  circular  gates 
U/S  Channel  - none 

D/S  Channel  - concrete  box  culvert;  5.8  foot  wide, 
5.66  foot  deep 

2)  Emergency  spillway 

Type  - earth  channel  with  stone  and  masonry  walls 

Length  of  weir  - 11  feet 

Crest  elevation  - 24.3  feet  MSL 

Gates  - none 

D/S  Channel  - concrete  culvert  under  East  Commerce 
Street  discharges  into  a sluiceway  under  the  Murbeck 
Fabric  plant. 


j.  Regulating  Outlets.A  pump  is  used  to  supply  water 
through  a pipe  in  the  embankment  to  a constant  head  tank 
downstream  of  the  dam  for  use  in  the  fabric  plant.  Excess  water 
from  the  tank  is  returned  to  the  reservoir  through  an  overflow  pipe. 
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SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN  - The  information  available  for  review  of  the  East 
Lake  Dam  included: 

a.  Soil  boring  logs  from  tests  taken  in  November  of  1974. 
A copy  of  the  logs  is  included  in  the  appendix  (see  Figures  7 
through  14). 


b.  Seven  drawings  from  a "Study  to  Improve  the  Capacity 
and  Safety  of  East  Lake  and  East  Commerce  Street  Dam,"  by 
A.G.  Lichtenstein  and  Associates,  Consulting  Engineers,  Teaneck, 
New  Jersey.  The  study  was  jointly  financed  by  Murbeck  Knitted 
Fabrics,  Cumberland  County,  and  the  City  of  Bridgeton.  Pertinent 
drawings  are  included  in  the  appendix.  The  study  was  not  available 
for  inspection,  due  to  pending  litigation  concerning  ownership  of  the 
dam. 


2.2  CONSTRUCTION  - No  information  on  construction  materials 
or  techniques  is  available. 

2.3  OPERATION  - See  Section  4. 

2.4  EVALUATION  - The  soil  borings  show  that  the  dam  consists  of 
sand,  gravel  and  silt.  The  number  of  blows  on  the  1-3/8  inch  diameter 
core  sampler,  with  a 140  pound  hammer  dropping  30  inches,  varied 
from  1 to  about  20  per  6 inches  of  penetration.  Organic  material, 
ashes,  cinders,  wood  chips,  sawdust  and  peat  were  all  encountered  in 
the  dam  or  foundation.  The  groundwater  was  at  about  elevation  11.0 
in  most  of  the  borings  after  25  days,  although  it  was  as  high  as 
elevation  14.2  in  boring  B9.  The  ground  downstream  of  the  dam 
varies  from  elevation  13  to  elevation  17.7  and  groundwater  was 
between  2.1  and  3.5  feet  from  the  ground  surface  in  the  area. 
Without  the  subdrain  system  in  the  foundation  downstream  of  the 
dam,  this  level  would  undoubtedly  be  higher.  The  borings  indicate 
that  the  dam  is  composed  of  loose  fill  of  medium  to  high  permeability 
as  well  as  compressible  material.  The  drawings  by  A.G.  Lichtenstein 
show  existing  topography  and  some  proposed  improvements.  They 
show  little  detail  with  regard  to  the  composition  or  condition  of  the 
existing  facilities.  Evaluation  of  these  plans  is  beyond  the  scope  of 
this  investigation. 


SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 


a.  Dam.  The  dam  is  an  earth  embankment  with  a stone 
wall  on  the  upstream  side  of  the  crest.  The  stone  wall  is  noticably 
settled  and  tilted.  The  upstream  slope  consists  of  a loose  sand  fill 
which  shows  evidence  of  erosion  and  settlement.  Vertical  depressions 
of  2 to  3 feet  are  evident  near  the  water  surface.  There  are  no 
training  walls  at  the  outlet  structure  to  protect  against  the  effects  of 
erosion  in  this  area.  Erosion  to  depths  of  3 to  4 feet  is  apparent  for  a 
length  of  30  feet  west  and  50  feet  «8St  of  the  outlet  structure.  Sand 
has  been  placed  in  these  areas  to  protect  the  embankment. 

The  profile  of  East  Commerce  Street  on  the  top  of  the 
embankment  is  such  that  ponding  occurs  near  the  west  end  of  the 
embankment  during  periods  of  rainfall  excess.  The  roadway  has  no 
effective  surface  drainage  system  in  the  area  of  the  dam,  so  the 
ponded  water  percolates  into  the  embankment.  There  are  two  areas 
of  excessive  settlement  along  the  sidewalk  on  the  downstream  side  of 
East  Commerce  Street.  These  areas  are  about  30  and  40  feet  long,  3 
feet  wide,  with  settlement  from  1.5  to  2.5  feet.  A similar  settlement 
area  about  30  feet  by  3 feet  by  9 inches  deep  is  located  near  the 
middle  of  the  dam  on  the  upstream  side  of  the  road.  It  was  reported 
by  the  plant  engineer  that  the  water  entering  the  settlement  areas 
appears  along  the  downstream  face  and  toe  as  seepage.  In  1955,  the 
plant  installed  French  drains  at  the  toe  of  the  dam  to  remove  the 
seepage  water  and  to  lower  the  water  table.  A pump  used  to  remove 
water  from  the  drains,  keeps  the  water  table  about  6 inches  below  the 
floor  of  the  plant.  The  extent  of  the  drainage  system  is  not  known. 
No  seepage  was  observed  coming  from  the  downstream  slope  of  this 
embankment  during  the  inspection. 

b.  Appurtenant  Structures.  The  principal  spillway  consists 
of  two  48  inch  gated  openings  leading  to  a concrete  box  structure. 
Overflow  openings  are  located  on  the  sides  of  the  box  structure,  4 
feet  above  the  gated  openings.  Outflow  from  the  box  structure  is 
through  two  48  inch  cast  iron  pipes  lined  at  the  entrances  with  42 
inch  corrugated  metal  pipes.  (Refer  to  the  sketch  on  page  A28.)  The 
gates,  which  are  kept  open,  are  operated  from  the  top  of  the  box 
structure.  The  concrete  in  this  structure  is  deteriorated.  The  gates 
are  badly  rusted  but,  according  to  Murbeck's  Plant  Engineer,  are 
operational.  Concrete  has  spalled  in  a number  of  places,  the  columns 
are  cracked,  and  there  is  a large  crack  near  the  junction  of  the  beam 
with  the  slab.  Repair  work  has  been  done  to  the  downstream  side  of 

the  box  structure. 


The  emergency  spillway  is  an  earth  channel  about  11  feet  wide 
constructed  through  the  grounds  of  a private  estate.  Flow  travels  400 
feet  before  entering  18  inch  and  24  inch  diameter  pipes  under  East 
Commerce  Street.  Channel  obstructions  include  3 bridges  and  2 
weirs.  The  ability  of  the  emergency  spillway  to  discharge  flood 
waters  is  limited  by  the  small  culverts  and  obstructions  along  the 
channel. 

Water  is  pumped  to  a constant  head  tank  located  in  the 
downstream  slope  of  the  embankment  through  a pipe  in  the 
embankment.  The  condition  of  the  pipe  through  the  embankment  was 
not  determined  during  the  inspection  due  to  inaccessability. 

c.  Reservoir  Area.  The  emergency  spillway  channel  is 
constructed  through  a private  estate.  This  area  was  flooded  in  1972. 
The  conditions  in  the  reservoir  area  do  not  appear  to  affect  the 
safety  of  the  dam. 

d.  Downstream  Channel.  The  downstream  channels  are 
constricted,  and  constructed  under  the  plant  buildings.  Mill  Creek  is 
a tidal  stream,  which  can  have  a large  affect  upon  the  discharge 
capacity  of  the  channels. 

3.2  EVALUATION  Visual  inspection  of  the  site  shows  that  the 
dam  and  appurtenant  structures  were  not  constructed  according  to 
modern  standards,  nor  are  they  being  maintained  properly.  The 
upstream  face  of  the  dam  is  not  suitably  protected  and  maintained. 
Areas  of  settlement  on  the  dam  may  be  due  to  the  lack  of  proper 
surface  drainage  or  internal  erosion  (piping).  The  pipes  through  the 
embankment  were  not  inspected  throughout  their  length.  However, 
the  readily  visible  portions  appeared  to  be  in  good  condition.  The 
masonry  wall  on  the  downstream  side  of  the  outlet  works  appeared  to 
be  in  good  condition.  A further  discussion  and  evaluation  of  these 
subjects  is  included  in  Section  7. 


SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES  - According  to  the  information  obtained 
during  the  field  inspection  from  the  Murbeck  Plant  Manager  and  the 
Plant  Engineer,  the  operational  procedures  in  connection  with  the 
dam  consist  primarily  of  pumping  water  from  the  reservoir  into  the 
constant  head  tank  downstream  of  the  dam  and  the  operation  of  the 
foundation  subdrain  system  downstream  of  the  dam.  Maintenance  of 
the  dam  has  been  minimal  and  appears  to  have  consisted  only  of 
sandbagging  or  dumping  sand  on  the  upstream  face  of  the  dam  to 
repair  eroded  areas. 

A foundation  subdrain  system  and  sump  pit  have  been  installed 
downstream  of  the  dam.  Water  from  the  sump  pit  is  pumped  into  a 
drainage  ditch  downstream  of  the  dam. 

The  dam  is  not  equipped  with  any  facilities  for  drawing  down 
the  reservoir  below  elevation  20.5  A survey  of  the  reservoir  bottom 
made  in  1976  shows  that  the  bottom  of  the  reservoir  is  at  elevation 
10.0.  The  elevation  of  the  ground  downstream  of  the  dam  is  13.0. 

In  1973,  after  an  investigation  of  the  dam  was  made  by  a 
private  consultant,  the  State  of  New  Jersey  Department  of  Environ- 
mental Protection  (NJDEP)  directed  the  lowering  of  the  normal 
reservoir  elevation  by  4 feet.  This  was  accomplished  by  opening  the 
48  inch  gates  in  the  principal  spillway.  These  gates  must  be  kept 
open  to  maintain  the  reduced  reservoir  elevation  required  by  NJDEP. 
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SECTION  5 - HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 


a.  Design  Data.  The  Probable  Maximum  Flood  (PMF) 
hydrograph  was  calculated  from  the  Probable  Maximum  Precipitation 
using  standard  reduction  factors.  The  Soil  Conservation  Service 
curvilinear  unit  hydrograph  was  developed  for  the  drainage  basin  and 
used  as  a basis  for  constructing  the  PMF  hydrograph.  Peak  inflow 
discharges  to  the  reservoir  for  the  PMF  and  one  half  of  the  PMF  are 
25,000  cfs  and  12,500  cfs  respectively.  These  inflow  hydrographs 
were  routed  through  the  reservoir  by  the  modified-Puls  method, 
utilizing  computer  program  HEC-1.  The  peak  outflow  discharges  for 
the  PMF  and  one  half  of  the  PMF  are  25,000  cfs  and  12,450  cfs 
respectively.  Both  the  PMF  and  one  half  of  the  PMF  result  in 
overtopping  of  the  dam. 

The  stage-outflow  relation  for  the  principal  spillway  was  based 
upon  the  available  information  on  invert  elevations  and  sizes  for  the 
gated  openings  and  the  outlet  conduits.  Further  assumptions  on 
discharge  through  this  outlet  are  noted  on  page  A28.  The  emergency 
spillway  discharge  is  limited  by  the  small  pipes  used  to  convey  flow 
under  Commerce  Street.  The  capacity  of  the  pipes  is  estimated  at  20 
cfs  under  2 feet  of  head.  At  this  elevation,  a 70  foot  section  of  the 
wall  along  East  Commerce  Street  is  inundated. 


SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY  - East  Lake  Dam 
is  constructed  on  unconsolidated  sediment  of  the  Bridgeton  formation 
(quaternary)  and  possibly  the  Cohansey  formation  (tertiary).  These 
geological  units  are  composed  of  fine  to  coarse  grained  sand  and 
gravel  and  contain  some  thin  zones  of  finer  grained  sediments  (silt 
and  clay).  The  differences  in  the  two  formations  are  subtle  and  no 
distinction  can  be  accurately  made  at  the  dam  site  or  from  boring 
data. 


The  dam  is  in  seismic  risk  zone  1 of  the  Seismic  Zone  Map  of 
the  United  States.  Due  to  the  low  height  of  the  dam,  the  risk  of 
seismic  damage  is  probably  low.  However,  due  to  the  character  of 
the  embankment  materials  as  evidenced  by  the  borings,  the  possibility 
of  liquefaction  during  an  earthquake  may  exist. 

The  physical  condition  of  the  dam  is  poor.  Considerable 
settlement,  erosion  and  possibly  piping  of  the  embankment  has  taken 
place.  The  stability  of  the  upstream  slope  is  suspect  due  to  the 
existence  of  a loose  sand  fill  and  the  tilted  wall.  The  risk  of  internal 
erosion  of  the  embankment  and  the  foundation  is  high.  The  dam  and 
abutments  are  also  highly  susceptible  to  surface  erosion  although  the 
paved  roadway  will  offer  some  resistance. 

Shrub  and  tree  growth  on  the  downstream  slope  of  the 
embankment  makes  it  difficult  to  tell  if  sloughing  of  the  slope  is 
taking  place.  No  leakage  was  observed  flowing  out  of  the 
embankment  slopes;  however,  this  may  be  because  the  drainage  is 
controlled  by  the  foundation  subdrain  system  downstream  of  the  dam. 
The  fact  that  the  top  of  the  dam  is  over  60  feet  wide  also  has  a great 
influence  in  controlling  the  seepage  and  reduces  the  danger  of  slope 
or  piping  problems.  However,  these  possibilities  still  exist. 

The  structural  condition  of  the  principal  spillway  is  also 
questionable.  The  concrete  in  the  outlet  structure  showed  evidence 
of  substantial  cracking  and  deterioration. 


SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT  - The  East  Lake  Dam  is  deficient  in  the 
following  respects: 

a.  The  embankment  contains  poorly  compacted,  pervious 
soil  and  organic  material.  These  materials  are  unable  to  control  the 
embankment  seepage  and  settlement  properly. 

b.  The  embankment  has  inadequate  slope  protection  on  the 
upstream  face. 

c.  The  surface  drainage  system  for  the  road  on  top  of  the 
dam  is  inadequate. 

d.  The  dam  is  not  equipped  with  facilities  to  empty  the 
reservoir  in  an  emergency. 

All  of  the  above  deficiencies  are  potentially  dangerous. 
However,  the  dam  has  withstood  the  test  of  time  without  serious 
consequences.  This  may  be  due  to  the  low  head  to  which  the 
embankment  is  subjected,  the  unusually  wide  top  width  of  the  dam, 
the  subdrain  system  downstream  of  the  dam  and  other  factors  which 
cannot  be  evaluated  within  the  scope  of  a Phase  I Investigation. 

In  addition  to  the  deficiencies  in  the  emba  ikment  listed  above, 
the  spillways  are  inadequate.  For  a flood  of  one  half  of  the  PMF,  the 
wall  on  top  of  the  dam  is  overtopped  by  2.4  feet. 

For  the  above  reasons,  an  additional  investigation  as  outlined 
in  the  National  Program  of  Inspection  of  Dams,  Volume  I, 
Appendix  D,  Chapter  4,  is  recommended  to  be  made  of  the  East  Lake 
Dam  as  soon  as  possible. 

7.2  REMEDIAL  MEA5URE5  - The  following  remedial  measures 
could  be  considered  for  improving  the  safety  of  the  dam: 

a.  Construction  of  a positive  means  for  controlling  seepage 
through  the  dam  such  as: 

1)  An  impervious  earth  core  with  properly  designed 
filters  constructed  by  conventional  or  slurry  trench  methods. 

2)  An  impervious  liner  on  the  upstream  face. 

3)  Steel  sheet  piling. 


b.  Addition  of  slope  protection  for  the  upstream  face 
(riprap  with  a filter  blanket  or  equivalent). 

c.  Filling  of  settled  areas  with  compacted  earth  material 
and  improvement  of  the  surface  drainage  system. 

d.  Repair  of  wall  on  the  upstream  side  of  the  roadway. 

e.  Construction  of  a new  spillway. 

f.  Installation  of  a pipe  at  the  low  point  of  the  reservoir 
for  drainage  purposes. 
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S tu.dv 
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BORING  FOREMAN  M.  Pr.R  £ t 
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LOCATION: 
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PROJECT  Ease  Commerce  Street 

Dam  Study 
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NUM3ER  #7426 
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RECOMMENDED  GUIDELINES 
FOR  SAFETY  INSPECTION  OF  DAMS 
CHAPTER  4 


CHAPTER  4 - PHASE  II  INVESTIGATION 


4.1.  Purpose.  The  Phase  II  investigation  will  be  supplementary  to  Phase 
I and  should  be  conducted  when  the  results  of  the  Phase  I investigation 
indicate  the  need  for  additional  in-depth  studies,  investigations  or 
analyses . 

4.2.  Scope.  The  Phase  II  investigation  should  include  all  additional 
studies,  investigations  and  analyses  necessary  to  evaluate  the  safety  of 
the  dam.  Included,  as  required,  will  be  additional  visual  inspections, 
measurements,  foundation  exploration  and  testing,  materials  testing, 
hydraulic  and  hydrologic  analysis  and  structural  stability  analyses. 

4.3.  Hydraulic  and  Hydrologic  Analysis.  Hydraulic  and  hydrologic 
capabilities  should  be  determined  using  the  following  criteria  and  pro- 
cedures. Depending  on  the  project  characteristics,  either  the  spillway 
design  flood  peak  infl»..»  or  the  spillway  design  flood  hydrograph  should 
be  the  basis  for  determining  the  maximum  water  surface  elevation  and 
maximum  outflow.  If  the  operation  or  failure  of  upstream  water  control 
projects  would  have  significant  impact  on  peak  flow  or  hydrograph  analyses, 
the  impact  should  be  assessed. 

4.3.1.  Maximum  Water  Surface  Based  on  SDF  Peak  Inflow,  When  the  total 
project  discharge  capability  at  maximum  pool  exceeds  the  peak  inflow  of 
the  recommended  SDP,  and  operational  constraints  would  not  prevent  such 
a release  at  controlled  projects,  a reservoir  routing  is  not  required. 

The  maximum  discharge  should  be  assumed  equal  to  the  peak  inflow  of 
the  spillway  design  flood.  Flood  volume  is  not  controlling  in  this 
situation  and  surcharge  storage  is  either  absent  or  is  significant  only 
to  the  extent  that  it  provides  the  head  necessary  to  develop  the  release 
capability  required. 

4.3. 1.1.  Peak  for  100-Year  Flood.  When  the  100-year  flood  is  applicable 
under  the  provisions  of  Table  3 and  data  are  available,  the  spillway  design 
flood  peak  inflow  may  be  determined  by  use  of  "A  Uniform  Technique  for 
Determining  Flood  Frequencies,"  Water  Resources  Council  (WRC) , Hydrology 
Committee,  Bulletin  15,  December  1967.  Flow  frequency  information  from 
regional  analysis  is  generally  preferred  over  single  station  results  when 
available  and  appropriate.  Rainfall-runoff  techniques  may  be  necessary 
when  there  are  inadequate  runoff  data  available  to  make  a reasonable 
estimate  of  flow  frequency. 

4. 3. 1.2.  Peak  for  PMF  or  Fraction  Thereof.  When  either  the  Probable 
Maximum  Flood  peak  or  a fraction  thereof  is  applicable  under  the  provi- 
sions of  Table  3,  the  unit  hydrograph  - infiltration  loss  technique  is 
generally  the  most  expeditious  method  of  computing  the  spillway  design 
flood  peak  for  most  projects.  This  technique  is  discussed  in  the 
following  paragraph. 

D-16 

( 


4.3.2.  Maximum  Water  Surface  Based  on  SDF  Hvdrograph.  Both  peak  and 
volume  are  required  in  this  analysis.  Where  surcharge  storage  is  signifi- 
cant, or  where  there  is  insufficient  discharge  capability  at  maximum  pool 
to  pass  the  peak  inflow  of  the  SDF,  considering  all  possible  operational 
constraints,  a flood  hydrograph  is  required.  When  there  are  upstream 
hazard  areas  that  would  be  imperiled  by  fast  rising  reservoirs  levels,  SDF 
hydrographs  should  be  routed  to  ascertain  available  time  for  warning 
and  escape.  Determination  of  probable  maximum  precipitation  or  100-year 
precipitation,  whichever  is  applicable,  and  unit  hydrographs  or  runoff 
models  will  be  required,  followed  by  the  determination  of  the  PMF  or  100- 
year  flood.  Conservative  loss  rates  (significantly  reduced  by  antecedent 
rainfall  conditions  where  appropriate) should  be  estimated  for  computing 
the  rainfall  excess  to  be  utilized  with  unit  hydrographs.  Rainfall  values 
are  usually  arranged  with  gradually  ascending  and  descending  rates  with 
the  maximum  rate  late  in  the  storm.  When  applicable,  conservatively  high 
snowmelt  runoff  rates  and  appropriate  releases  from  upstream  projects 
should  be  assumed.  The  PMP  may  be  obtained  from  National  Weather 
Service  (NWS)  publications  such  as  Hydrometeorological  Report  (HMR)  33. 
Special  NWS  publications  for  particular  areas  should  be  used  when  avail- 
able. Rainfall  for  the  100-year  frequency  flood  can  be  obtained  from  the 
NWS  publication  " Rainfall  Frequency  Atlas  of  the  United  States,"  Technical 
Paper  No.  40;  Atlas  2,  "Precipitation  Frequency  Atlas  of  Western  United 
States;"  or  other  NWS  publications.  The  maximum  water  surface  elevation 
and  spillway  design  flood  outflow  are  then  determined  by  routing  the  inflow 
hydrograph  through  the  reservoir  surcharge  storage,  assuming  a starting 
water  surface  at  the  bottom  of  surcharge  storage,  or  lower  when  appropriate. 
For  projects  where  the  bottom  of  surcharge  space  is  not  distinct,  or  the 
flood  control  storage  space  (exclusive  of  surcharge)  is  appreciable,  it 
may  be  appropriate  to  select  starting  water  surface  elevations  below  the 
top  of  the  flood  control  storage  for  routings.  Conservatively  high 
starting  levels  should  be  estimated  on  the  basis  of  hydrometeorological 
conditions  reasonably  characteristic  for  the  region  and  flood  release 
capability  of  the  project.  Necessary  adjustment  of  reservoir  storage 
capacity  due  to  existing  or  future  sediment  or  other  encroachment  may  be 
approximated  when  accurate  determination  of  deposition  is  not  practicable. 

4.3.3.  Acceptable  Procedures.  Techniques  for  performing  hydraulic  and 
hydrologic  analyses  are  generally  available  from  publications  prepared  by 
Federal  agencies  involved  in  water  resources  development  or  textbooks 
written  by  the  academic  community.  Some  of  these  procedures  are  rather 
sophisticated  and  require  expensive  computational  equipment  and  large  data 
banks.  While  results  of  such  procedures  are  generally  more  reliable  than 
simplified  methods,  their  use  is  generally  not  warranted  in  studies  con- 
nected with  this  program  unless  they  can  be  performed  quickly  and  inexpen- 
sively. There  may  be  situations  where  the  more  complex  techniques  have 
to  be  employed  to  obtain  reliable  results;  however,  these  cases  will  be 
exceptions  rather  than  the  rule.  Whenever  the  acceptability  of  procedures 
is  in  question,  the  advice  of  competent  experts  should  be  sought.  Such 
expertise  is  generally  available  in  the  Corps  of  Engineers,  Bureau  of 
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Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa- 
tional facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated. 

4.3.4.  Freeboard  Allowances . Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require- 
ment. ’ Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  fr*.  i a critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  11  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 
and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A concrete  core  drilling  program 
should  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 
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information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre- 
tation; maximum  past  overburden  at  site  as  deduced  from  geologic  evidence; 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering; 
j slickensides,  and  field  evidence  relating  to  slides,  faults,  movements 

and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

• The  results  of  stability  analyses  afford  a means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

I 

4. 4. 2.1,  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven- 
tional equivalent  static  force  method  of  analysis  should  be  obtained'by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be  applied 

. as  a horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1 through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4 and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3 should  include  suitable  dynamic  pro- 
cedures and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
, coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  seismological  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
i analyses  may  be  based  upon  either  time-history  or  response  spectra  tech- 
niques. The  results  of  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4.4. 2. 2.  Clay  Shale  Foundation.  Clay  shale  is  a highly  overconsolidated 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales,  require  special  measures 
in  stability  investigations.  Clay  shales,  particularly  those  containing 
montmorillonite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres- 
sures may  develop  under  increase  in  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
(if  peak  shear  strengths  for  clay  shales  in  stability  analyses  may  be  uncon- 

servative because  of  nonuniform  stress  distribution  and  possible  progres- 
sive failures.  Thus  the  available  shear  resistance  may  be  less  than  if 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used.  — . - - . . 

4. A. 3.  Embankment  Dams. 

4. 4. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique- 
faction must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  In 
Seismic  Zones  3 and  4 should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 


4. 4. 3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a portion  of  an 
embankment  or  of  an  embankment  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the'  mass.  It  is  conventionally  represented 
as  occurring  along  a surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  in  a zone  of  substantial  thickness.  The 
circular  arc  or  the  sliding  wedge  method  of  analyzing  stability,  as  per- 
tinent, should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankments  and  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soil  containing  no  layers  significantly 
weaker  than  other  strata  in  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockfill  dams  and  to  earth  dams  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4.4. 3. 3.  Loading  Conditions.  The  loading  conditions  for  which  the  embank- 
ment structures  should  be  investigated  are  (I)  Sudden  drawdown  from  spill- 
way crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up- 
stream and  downstream  slopes.  A summary  of  suggested  strengths  and 
safety  factors  are  shown  in  Table  4. 


* 
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TABLE  4 


r 

FACTORS  OF  SAFETY  / 


Loading 

Case  Condition 


Factor  of  Shear  // 

Safety  Strength  Remarks 


I Sudden  drawdown  1.2* 

from  spillway  crest 
or  top  of  gates  to 
minimum  drawdown 
elevation. 


II  Partial  pool  with  1.5 

assumed  horizontal 

steady  seepage 
saturation. 

III  Steady  seepage  1.5 

from  spillway  crest 

or  top  of  gates  with 
Kh/Kv  ” 9 assumed** 

IV  Earthquake  (Cases  II  1.0 

and  III  with  seismic 
loading) 


Minimum  com- 
posite of  R 
and  S shear 
strengths 
See  Figure 
5. 


Within  the  drawdown 
zone  submerged  unit 
weights  of  materials 
are  used  for  computing 
forces  resisting  slid- 
ing and  saturated 
unit  weights  are  used 
for  computing  forces 
contributing  to  slid- 
ing. 


R+S  for  R < S Composite  intermediate 
2 envelope  of  R and  S 

shear  strengths.  See 
S for  R>S  Figure  6. 

Same  as 
Case  II 


***  See  Figures  1 through 

4 for  Seismic  Coeffi- 
cients. 


/ Not  applicable  to  embankments  on  clay  shale  foundation.  Experience 
has  Indicated  special  problems  in  determination  of  design  shear 
strengths  for  clay  shale  foundations  and  acceptable  safety  factors 
should  be  compatible  with  the  confidence  level  in  shear  strength 
assumptions. 


//  Other  strength  assumptions  may  be  used  if  in  common  usage  in  the 
engineering  profession. 

* The  safety  factor  should  not  be  less  than  1.5  when  drawdown  rate  and 
pore  water  pressure  developed  from  flow  nets  are  used  in  stability 
analyses . 

**  K^/Ky  *s  t*lc  rati°  °f  horizontal  to  vertical  permeability.  A 
minimum  of  9 is  suggested  for  use  in  compacted  embankments  and 
alluvial  sediments. 
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Use  shear  strength  for  case  analyzed  without  earthquake.  It  is  not 
necessary  to  analyze  sudden  drawdown  for  earthquake  loading.  Shear 
strength  tests  are  classified  according  to  the  controlled  drainage 
conditions  maintained  during  the  test.  R tests  are  those  in  which  ' 
specimen  drainage  is  allowed  during  consolidation  (or  swelling) 
under  Initial  stress  conditions,  but  specimen  drainage  is  not  allowed 
during  application  of  shearing  stresses.  S tests  allow  full  drain- 
age during  initial  stress  application  and  shearing  is  at  a slow  rate 
so  that  complete  specimen  drainage  is  permitted  during  the  complete 
test. 


A. 4. 3. A.  Safety  Factors.  Safety  factors  for  embankment  dam  stability 
studies  should  be  based  on  the  ratio  of  available  shear  strength  to 
developed  shear  strength,  S^: 

Sq  " C + /p  tan  i>  (1) 

F.S . F.S. 


C » cohesion 

i>  « angle  of  internal  friction 
(y  » normal  stress 

The  factors  of  safety  listed  in  Table  A are  recommended  as  minimum  accept- 
able. Final  accepted  factors  of  safety  should  depend  upon  the  degree  of 
confidence  the  investigating  engineer  has  in  the  engineering  data  avail- 
able to  him.  The  consequences  of  a failure  with  respect  to  human  life 
and  property  damage  are  important  considerations  in  establishing  factors 
of  safety  for  specific  investigations. 

A. A. 3. 5.  Seepage  Failure.  A critical  uncontrolled  underseepage  or 
through  seepage  condition  that  develops  during  a rising  pool  can  quickly 
reduce  a structure  which  was  stable  under  previous  conditions,  to  a total 
structural  failure.  The  visually  confirmed  seepage  conditions  to  be 
avoided  are  (1)  the  exit  of  the  phreatic  surface  on  the  downstream  slope 
of  the  dam  and  (2)  development  of  hydrostatic  heads  sufficient  to  create 
in  the  area  downstream  of  the  dam  sand  boils  that  erode  materials  by  the 
phenomenon  known  as  "piping"  and  (3)  localized  concentrations  of  seepage 
along  conduits  or  through  pervious  zone9.  The  dams  most  susceptible  to 
seepage  problems  are  those  built  of  or  on  pervious  materials  of  uniform 
fine  particle  size,  with  no  provisions  for  an  internal  drainage  zone 
and/or  no  underseepage  controls. 


L- . ]■ 


4. 4.3. 6.  Seepage  Analyses.  Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  instrumentation.  A seepage  analysis 
should  consider  the  permeability  ratios  resulting  from  natural  deposi- 
tion and  from  compaction  placement  of  materials  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under- 
seepage analysis  of  the  embankment  should  provide  a critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
in  the  area  downstream  of  the  embankment. 


F.S  = i„/i  «* 


VDb 


1^  (*Ym  -Yw) 
hYT 


*»  Critical  gradient 

= Design  gradient 

» Uplift  head  at  downstream  toe  of  dam  measured  above 
tailwater 

- The  critical  uplift 

■■  The  thickness  of  the  top  impervious  blanket  at  the 
downstream  toe  of  the  dam 

■ The  estimated  saturated  unit  weight  of  the  material  in  the 
top  impervious  blanket 

«*  The  unit  weight  of  water 


Where  a factor  of  safety  less  than  1.5.  is  obtained  the  provision  of  an 
underseepage  control  system  is  indicated.  The  factor  of  safety  of  1.5 
is  a recommended  minimum  and  may  be  adjusted  by  the  responsible  engineer 
based  on  the  competence  of  the  engineering  data. 

4.4.4.  Concrete  Dams  and  Appurtenant  Structures. 

4.4.4. 1.  Requirements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankment  dams  should  be  capable  of  resisting  over- 
turning, sliding  and  overstressing  with  adequate  factors  of  safety  for 
normal  and  maximum  loading  conditions. 
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4.4.4. 2.  Loads . Loadings  to  be  considered  in  stability  analyses  include 
the  water'  load  on  the  upstream  face  of  the  dam;  the  weight  of  the  struc- 
ture, internal  hydrostatic  pressures  (uplift)  within  the  body  of  the 
dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 
loads;  ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tailwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  it  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  if 
available.  Where  applicable,  ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A unit  pres- 
sure of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  ice  thickness  should  not  be  .assumed  greater  than  two  feet. 
Earthquake  forces  should  consist  of  the  inertial  forces  due  to  the 
horizontal  acceleration  of  the  dam  itself  and  hydrodynamic  forces 
resulting  from  the  reaction  of  the  reservoir  water  against  the  structure. 
Dynamic  water  pressures  for  use  in  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M,  Westergaard,  "Water  Pressures  on  Dams  During  Earth- 
quakes," Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  Stresses.  The  analysis  of  concrete  stresses  should  be  based  on 
in  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com- 
pressive stresses  for  normal  operating  conditions  in  the  order  of  1/3 

or  less  of  in  situ  strengths  should  be  satisfactory.  Tensile  stresses 
in  unreinforced  concrete  should  be  acceptable  only  in  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions. 

4. 4. 4. 4.  Overturning.  A gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

if  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  its  base  is  located  within  the  middle  third  of  the 
section.  When  earthquake  is  included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept- 
able. When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  investigating  engineer  should  assess  the  importance  to 
stability  of  the  deviations. 

4. 4. 4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete  dams  should  be  evaluate 
by  the  shear- friction  resistance  concept.  The  available  sliding  resis- 
tance is  compared  with  the  driving  force  which  tends  to  induce  sliding 

to  arrive  at  a sliding  stability  safety  factor.  The  investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 


T 


4. 4. 4. 5.1.  Sliding  Resistance.  Sliding  resistance  is  a function  of 
the  unit  shearing  strength  at  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a potential  failure  surface.  It  is  determined  by 
computing  the  maximum  horizontal  driving  force  which  could  be  resisted 
along  the  sliding  path  under  investigation.  The  following  general 
formula  is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane: 


where 


R 


R 


b 


V 


c 


A 


V tan  (b  + ©*  ) + 


cA 

cos  ct  (1  - tan  t>  tan  o«.  ) 


(3) 


“ Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

**  Angle  of  internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

*■  Summation  of  vertical  forces  (including  uplift) 

“ Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

■=>  Area  of  potential  failure  plane  developing  unit  shear  strength 
"c" 


c*  = Angle  between  inclined  plane  and  horizontal  (positive  for  uphill 
sliding) 


For  sliding  downhill  the  angle  CX  is  negative  and  Equation  (1)  becomes: 


V tan  (b  - ) + 


cA 


coso«.  (1  + tan  b tan e*  ) 


' (4) 


When  the  plane  of  investigation  is  horizontal,  and  the  angle  of  is  zero 
and  Equation  (1)  reduced  to  the  following: 

Rr  = V tan  b + cA  (5) 
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4. 4. A. 5. 2.  Downstream  Resistance.  When  the  base  of  a concrete  structure 
is  embedded  in  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
Utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a formula  equivalent  to  formula  (3): 


S3 


W tan  (<$  + e * ) + 


cA 

coso*  (i  - tan  £ taric*  J 


(6) 


W 

* 

c* 

c 

A 


passive  resistance  of  rock  wedge 

weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

angle  of  internal  friction  or,  if  applicable,  angle  of  sliding 
friction 

angle  between  inclined  failure  plane  and  horizontal 

unit  shearing  strength  at  2ero  normal  load  along  failure 
plane 

area  of  inclined  plane  of  resistance 


When  considering  cross-bed  shear  through  a relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W andot  may  be  taken 
at  zero  and  45°,  respectively,  and  an  estimate  of  passive  wedge  resis- 
tance per  unit  width  obtained  by  the  following  equation: 


Pp  **  2 cD 


(7) 


wnere 

D =■  Thickness  of  the  rock  strut 


4. 4. 4. 3. 3.  Safety  Factor.  The  shear-friction  safety  factor  is  obtained 
by  dividing  the  resistance  RR  by  H,  the  summation  of  horizontal  service 


J 
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loads  to  be  applied  to  the  structure: 


Ss-f  - Rr  (8) 

TT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fruction  safety  factor  formula  becomes: 


Ss-f  - rr  + Rp  (9) 

H / 

The  above  direct  superimposition  of  passive  wedge  resistance  is  "valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  For 
example,  a foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross-bed  shear 
strength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  installing  foundation  anchors). 
Computed'  sliding  safety  factors  approximating  3 or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  including  earthquake,  should 
indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  in  the  analyses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may.be  acceptable.  The  selection  of  shear . strength  parameters  should 
be  fully,  substantiated.  The  bases  for  any  assumptions;  the  results  of 
».applicable  testing,  studies  and  investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 
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